
Note

Yellow-head disease caused by a newly discovered Mattesia sp.
in populations of the red imported fire ant, Solenopsis invicta

Imported fire ants, Solenopsis spp. (Hymenoptera:

Formicidae: Myrmicinae), are invasive species inadver-

tently introduced into the United States from South

America in the early 1900s (Williams et al., 2001). The

annual economic impact of imported fire ants has been
estimated as 1.2 billion dollars for Texas alone (Lard

et al., 2001). If this figure is extrapolated to all infested

areas in the United States, the economic impact would

be >6.5 billion dollars.
Surveys of pathogens conducted both in the imported

fire ant homeland in South America (Jouvenaz et al.,

1980) and in the United States (Beckham et al., 1982;

Jouvenaz et al., 1977) have revealed few pathogens that
can be used in biological control programs. Microspo-

ridia are common pathogens but few other protozoa

have been observed in fire ant populations. The Ne-

ogregarine Mattesia geminata infects larvae of Solen-

opsis geminata and causes mortality during the pupal

stage (Jouvenaz and Anthony, 1979). Infected S. gemi-

nata pupae turn black before dying and infection does

not occur in the adult ant. M. geminata also infects
several other Myrmicinae ants and dying adult insects

have been observed to harbor oocysts of the pathogen

(Buschinger and Kleespies, 1999).

Recent surveys undertaken in Florida for the pres-

ence of Thelohania solenopsae revealed a new protozoan

in Solenopsis invicta populations. This pathogen was

first observed in workers collected in southwest Alachua

Co., Florida. The first signs of this pathogen were ob-
served in large workers and female alates that showed an

atypical yellow-orange color head and sometimes thorax

(Fig. 1a). These workers can be mistaken as callow

(young) ants, whose cuticle is lighter in color due to

incomplete melanization of the cuticle. However, the

abdomen of an infected ant is normally as dark as that

of older ants. We have designated this disease as yellow-

head disease (YHD) due to this distinctive characteristic
observed in adult ants. Examination of the body con-

tents showed many spindle-shaped oocysts inside the

different body parts (Fig. 1b). Oocysts can be seen

through the cuticle in all body regions but are easily

recognized in the head and the appendages. Oocysts

occur in pairs (Fig. 1c) typical of Mattesia species

(Weiser, 1955). Some ants with the typical yellow-head

coloration have no oocysts, but several bilobed struc-

tures (Fig. 1d) can be observed in fresh mounts and

Giemsa-stained preparations of body contents. These

structures are similar to developing gametocysts with

presporal stages described by Kleespies et al. (1997).
Presence of these structures has led to the tentative

placement of this pathogen in the genus Mattesia. A

protozoan pathogen of Myrmecia pilosula (Hymenop-

tera: Formicidae: Myrmicinae), described from adult

ants from Australia (Crosland, 1988), causes a discol-

oration of adult ants similar to that caused by YHD.

Crosland did not identify the pathogenic agent, but

characteristics of the gametocyst, which contains >70
spores, are not Mattesia-like.

To compare this new pathogen with previously de-

scribed species, we measured 10 mature oocysts from

each of five infected ants. Oocyst size did not differ

significantly among ants; oocysts were 18:7� 0:80lm
(mean� SEM; n ¼ 50) in length and 10:3� 0:80lm in
width. These oocyst dimensions are larger than those

described for M. geminata (13–14� 8–9lm) (Buschin-
ger et al., 1995; Kleespies et al., 1997). Oocysts were also

longer than spores of a pathogen that caused similar

discoloration of adult ants in Australia (13 lm) (Cros-
land, 1988), Mattesia trogodermae from dermestid bee-

tles (11–13 lm) (Hall et al., 1971),Mattesia dispora from

locusts (15.4 lm) (Zizka, 1978), Mattesia povolnyi from

sunflower moths (11 lm) (Weiser, 1952), Mattesia

grandis from bollweevils (11.8 lm) (McLaughlin, 1965),
andMattesia sp. from pasture beetles (11.2 lm) (Wright,
1993). Oocysts were shorter and wider than those of

Mattesia bombi (21.6–27� 5.4 lm) (Liu et al., 1974). The
oocysts of the YHD-causing agent are narrower than

the published photographs of M. geminata oocysts with

the length-to-width ratio at 1:83� 0:155 (n ¼ 50) com-
pared to �1.44–1.48 forM. geminata (Buschinger et al.,

1995; Kleespies et al., 1997).
No obvious signs of the disease have been observed in

immature stages of the ant and no stages of the pathogen

have yet been observed in imported fire ant larvae or

pupae. Oocyst dimensions and shape, presence of oocysts

in adult ants, and the yellow-head symptom are evidence

that the causative agent of YHD is a newly discovered

species. These characteristics are distinct from those de-
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Fig. 1. Yellow-head disease (YHD) in Solenopsis invicta: (a) alate female showing typical ‘‘yellow-head’’ sign (compare yellow coloration of alate with

normal workers) (bar¼�5mm); (b) oocysts of the YHD-causing agent seen through the head cuticle of worker ant (bar¼ 50 lm); (c) pair of oocysts
(within gametocyst) seen under phase contrast microscope (bar¼ 50lm); (d) bilobed developing gametocysts (arrows) (bar¼ 50 lm).

Fig. 2. Florida, USA map showing positive (d) and negative (�) sites for yellow-head disease.
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scribed for any other ant disease including M. geminata

(Jouvenaz and Anthony, 1979; Buschinger et al., 1995;

Kleespies et al., 1997),Mattesia-like pathogen (Crosland,

1988), and other describedMattesia spp.

After initial observation, other sites visited during T.

solenopsae surveys were examined for the presence of

YHD. A total of 64 sites and 1017 nests were visited

throughout central and northern Florida; each site

consisting of a group of nests collected within a certain
area or property. Samples ranged from 1 mound per site

to a maximum of 81 mounds collected at the Bar-L

Ranch near Marianna, FL. Samples generally consisted

of ants collected in a 7-ml plastic vial (Kimble Glass,

Vineland, NJ) coated internally with Fluon to prevent

escape of the captured ants (Banks et al., 1981). Occa-

sionally, whole colonies were collected by excavating the

mound into a 20-liter bucket and later separated from
the soil by flotation (Banks et al., 1981). In the labora-

tory, ants showing the yellow-head symptom were ex-

amined intact under a microscope (200�) for the
presence of oocysts in any body part. Ants were also

macerated in water and observed by phase-contrast

microscopy (400–630�) for presence of the mature oo-
cysts or bilobed prespore form.

The YHD seems to be widely distributed in Florida
(Fig. 2), and was observed in both polygyne and

monogyne S. invicta colonies. The disease was present in

34% of the sites and in 8% of nests. In the 22 infected

sites, the pathogen was observed in an average of 19% of

the nests. Most of the infected sites were in northern

Florida, and there was a weak tendency (P ¼ 0:08) for
site infection rates to increase further northeast in the

state. In contrast,M. geminata was observed in only 1 of
307 colonies of S. geminata from 74 sites in Florida, but

in approximately 20% of the colonies from 1 infected

site (Jouvenaz and Anthony, 1979). Several colonies

have been identified in Florida in which a dual infection

with YHD and T. solenopsae occurs. Dual infections

were also observed in individual ants, but consequences

of these dual infections have not yet been determined.

Field colonies brought into our laboratory have had
high mortality of YHD-infected ants within days after

arrival. For instance, a 250-mg live ant sample (196 ants

from a >50,000-ant colony) from a colony collected on
November 30, 2001, and sampled on December 10,

2001, had only 3.6% of ants with oocysts or bilobed

gametocysts typical of the YHD-causing agent (Fig. 3a).

Oocysts or bilobed gametocysts were found in 49%

(n ¼ 100) of cadavers accumulated over the next week
(Fig. 3b). Although YHD occurs in all worker sizes,

YHD infects a greater proportion of larger than of

smaller workers both in live and dead ant samples. A

rapid mortality of infected ants indicates that this dis-

ease may have significant impact on fire ant populations.

Perhaps the rapid mortality observed in field-collected

colonies was due to stresses to which ants were subject

after collection. External stress factors, such as drought,

food shortage, and extreme temperatures may enhance

mortality of protozoan-infected insects (Weiser, 1963).

Laboratory cross transmission experiments using

YHD oocysts collected from adult S. invicta have not

produced infections in ants from the same species.
Similar attempts with the pathogenM. geminata and its

host S. geminata were not successful (Jouvenaz and

Anthony, 1979). These authors suggested two possible

explanations for their results: the production of nonin-

fective oocysts in a possibly factitious host (S. gemi-

nata), or the lack of necessary conditions to allow

germination of M. geminata oocysts. Attempts by Bus-

chinger and Kleespies (1999) to infect S. invicta and
Solenopsis xyloni with M. geminata were also unsuc-

cessful, demonstrating the difficulty in transmitting

Mattesia diseases in Solenopsis ants.

Self-sustaining biological controls are the only long-

term area-wide solution for the fire ant problem in the

United States. The disease described herein is now found

widely spread in Florida, despite no previous observa-

tions in surveys and intensive fire ant field studies. Wide
distribution of a previously undetected disease with

obvious external sign (yellow head) is an indication that

the causative agent may have dispersed through the fire

ant population very rapidly. High dispersal potential is a

Fig. 3. Frequency of ants in different head capsule-size classes in live

(a) and dead ant (b) samples from a colony infected with yellow-head

disease (YHD) collected on November 30, 2001, in Walton, Florida.

Live sample was taken on December 10, 2001 and the cadaver sample

on December 19, 2001.
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desirable characteristic for biological control agent.
Because this disease has never been observed in the fire

ants in either South or North America, its origin is

unknown. Additional studies, including genetic ones,

are planned or underway to determine the taxonomic

identity of the causative agent, its mode of transmission,

its effect on individual infected ants and fire ant popu-

lations, and its biological control potential.

References

Banks, W.A., Lofgren, C.S., Jouvenaz, D.P., Stringer, C.E., Bishop,

P.M., Williams, D.F., Wojcik, D.P., Glancey, B.M., 1981. Tech-

niques for collecting, rearing, and handling imported fire ants.

USDA Sci. Educ. Admin. Adv. Agric. Tech. AAT-S-21.

Beckham, R.D., Bilimoria, S.L., Batell, D.P., 1982. A survey for

microorganisms associated with ants in western Texas. Southwest.

Entomol. 7, 225–229.

Buschinger, A., Kleespies, R.G., 1999. Host range and host specificity

of an ant-pathogenic gregarine parasite, Mattesia geminata (Ne-

ogregarinida: Lipotrophidae). Entomol. Generalis 24, 93–104.

Buschinger, A., Kleespies, R.G., Schumann, R.D., 1995. A gregarine

parasite of Leptothorax ants from North America. Ins. Soc. 42,

219–222.

Crosland, M.W.J., 1988. Effect of a gregarine parasite on the color of

Myrmecia pilosula (Hymenoptera: Formicidae). Ann. Entomol.

Soc. Am. 81, 481–484.

Hall, I.M., Stewart, F.D., Arakawa, K.Y., Strong, R.G., 1971.

Protozoan parasites of species of Trogoderma in California. J.

Invertebr. Pathol. 18, 252–259.

Jouvenaz, D.P., Anthony, D.W., 1979. Mattesia geminata sp. n.

(Neogregarinida: Ophrocyctidae) a parasite of the tropical fire ant,

Solenopsis geminata (Fabricius). J. Protozool. 26, 354–356.

Jouvenaz, D.P., Banks, W.A., Atwood, J.D., 1980. Incidence of

pathogens in fire ants, Solenopsis spp., in Brazil. Fla. Entomol. 63,

345–346.

Jouvenaz, D.P., Allen, G.E., Banks, W.A., Wojcik, D.P., 1977. A

survey for pathogens of fire ants, Solenopsis spp., in the south-

eastern United States. Fla. Entomol. 60, 275–279.

Kleespies, R.G., Huger, A.M., Buschinger, A., Nahring, S., Schu-

mann, R.D., 1997. Studies on the life history of a neogregarine

parasite found in Leptothorax ants from North America. Biocont.

Sci. Technol. 7, 117–129.

Lard, C., Willis, D.B., Salin, V., Robison, S., 2001. Economic

assessment of red imported fire ant on Texas� urban and agricul-
tural sectors. Available from http://fireantecon.tamu.edu/Prod-

ucts.htm. Accessed on Jan 2, 2002.

Liu, H.J., Macfarlane, R.P., Pengelly, D.H., 1974. Mattesia bombi n.

sp. (Neogregarinida: Ophrocystidae), a parasite of Bombus (Hyme-

noptera: Apidae). J. Invertebr. Pathol. 23, 225–231.

McLaughlin, 1965. Mattesia grandis n. sp., a Sporozoan pathogen of

the boll weevil, Anthonomus grandis Boheman. J. Protozool. 12,

405–413.

Weiser, J., 1952. Cizopasn�ııci housenek zavijece slunecnicoveho

Homeosoma nebulellum Hbn. Se zvlastinim zretelemna druh Mat-

tesia povolnyi sp. n. Zool. Ent. Listy 1, 252–264.

Weiser, J., 1955. A new classification of the Schizogregarina. J.

Protozool. 1, 6–12.

Weiser, J., 1963. Sporozoan infections. In: Steinhaus, E. (Ed.), Insect

Pathology, Advanced Treatise. Academic Press, New York, pp.

291–334.

Williams, D.F., Collins, H.L., Oi, D.H., 2001. The red imported fire

ant (Hymenoptera: Formicidae): an historical perspective of

treatment programs and the development of chemical baits for

control. Am. Entomol. 47, 146–159.

Wright, P.J., 1993. New records of entomopathogens infecting

Oncopera spp. (Lepidoptera: Hepialidae) larvae in Tasmania. J.

Invertebr. Pathol. 61, 315–316.

Zizka, Z., 1978. Examination of the cyst ofMalamoeba locustae and of

the spore of Mattesia dispora with the scanning microscope. J.

Invertebr. Pathol. 32, 119–123.

Roberto M. Pereira*

David F. Williams

James J. Becnel

David H. Oi

USDA-ARS, CMAVE

1600 SW 23rd Drive

P.O. Box 14565

Gainesville, FL 32608

USA

E-mail address: rpereira@gainesville.usda.ufl.edu

(R.M. Pereira)

Received 22 May 2002; accepted 22 August 2002

* Corresponding author. Fax: 1-352-374-5818.

48 Note / Journal of Invertebrate Pathology 81 (2002) 45–48

http://fireantecon.tamu.edu/Products.htm
http://fireantecon.tamu.edu/Products.htm

	Yellow-head disease caused by a newly discovered Mattesia sp. in populations of the red imported fire ant, Solenopsis invicta

